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A mould, a method of manufacturing the same as well as its use 



The present invention relates generally to a method of moulding materials in 
which a mould is used having a plurality of mould components with moulding surfaces 
together defining a moulding cavity, said method comprising the step of forming at least part 
of the mould components of a polymerisable material and polymerising said material under 
polymerisation conditions. 

In addition the method relates to moulding optical components of organic 

material. 

The repUca process uses a mould or matrix having an accurately defined 
surfece which is the negative of the desired optical profile of the repUca lens, hi the exact 
determination of the definition of the surface of the mould or matrix, the shrinkage of the 
synthetic resin of the repUca lens has been taken into account. A small quantity of a Uquid 
curable synthetic resin composition is provided on the surface of the mould. The lens body is 
then pressed with its refractive surface against the mould, or conversely, the synthetic resin 
spreading between the lens body surface and the mould surface. Instead of the mould, the 
lens body may alternatively be provided with the Uquid synthetic resin composition. TTie 
synthetic resin is cured and the lens body together with the cured synthetic resin layer bonded 
thereto is removed from the mould. The free surface of the synthetic resin layer is the 
negative of that of the mould. The advantage of the replica process if that lenses with a 
compUcated refractive surface, for example an aspherical surface, can be manufactured in a 
simple manner without requiring compUcated grinding and poUshing of the lens body. A lens 
body wiU suffice which has a simple refractive surface, for example, a spherical (convex or 

concave) surface. 

Due to polymeribeation of the material the coating wants to shrink, but 
shrinkage is prohibited because of the confined space in which the lacquer is enclosed. As a 
result large mechanical forces wiU develop in the mould. The sign and magnitude of the 
forces are depending on the thickness of the lacquer and are thus a fiinction of the lens radius. 
Because the total mould-lens system does not move during the photopolymerization process 
the mechanical force in the middle of the lens, where the lacquer is the thickest, have 
opposite sign as compared to the force more on the outside, at the thimier part of the lens. 
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Thus when a lens is released from a mould via a peeling mechanism the driving force for 
release is the relaxation of shrinkage-induced mechanical pressure. But owing to this 
shrinkage, durmg the setting or curing of the moulding material not insubstantial stresses 
develop between the die members which may produce premature release or unmoulding of 

5 one of the die members which is prejudicial to both the die members and the lenses cast 
thereby. This uncontroUed premature unmouldmg or release results m a lens having defects 
due to incorrect or improper polymerisation which must then be eUminated. 

Furttier, this premature unmoxilding or release is most often accompanied by 
damage to the edge of the optical component to be moulded as well as the corresponding 

10 edge of the die member havmg a concave moulding surface which is subjected to premature 

unmoulding or release. 

Materials that have a high polymerization shrinkage thus are released 
relatively easy from a mould, but materials with lower shrinkage become more difficult to 
release. In such cases it is of major importance that the lens material has little or no 
15 interaction with the mould material, i.e. the materials should not wet each other. A measure 
for the wetting is the surfece tension of the Uquid-soUd or soUd-soUd interfece. The Uquid is 
the lacquer monomer, the soUd the mould surfece. After polymerisation a soUd-soUd 
interface is obtained. When Uttle interaction between 2 materials is desked the interfecial 
tension should be as low as possible. 
20 Therefore, a common problem is the adhesion of the lens formed in the mould 

to one or both of the mould parts. Edge tears and chips, nicks or other surfece defects as well 
as holes, voids, pits, i.e. areas on non-uniform thickness, and puddles formed in the lenses 
can occur when the adhesion is too great. This problem is exacerbated in processes for 
makmg lenses with thin edges or intricate edge geometries. Separating mould halves or 
25 mould parts witiiout causing damage to the lens formed in the mould is thus critically 
important to commercial leas making processes. 

One method for dealing with this problem has been the mcorporation of 
additives such as zmc stearate in the mould materials or the inclusion of mould release 
agents. Unfortunately, these agents can adversely affect mould surface texture or bulk 
30 polymer properties. Adjustments to the time, temperature, and heating profile of the cure and 
demould processes has also been used to affect the adhesion of the lens to at least one of the 
mould parts. Often, the adjustments to the cure and demould processes that might be helpful 
m solving the adhesion problem negatively affect the quaUty of the lens made. Mechanical 
and optical properties can be seriously eroded or altered. Materials with a low interfecial 
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tension are known and often contain no or Uttle polar groups and Si-O or F containing 
groups. For example, weU-know fluoropolymers with low interfacial tension are teflon and 
teflon-copolymers (Kel-F, AF1600, etc). Other coatings as Montacell and parylene are also 
frequently used. AF1600, Montacell and parylene have been appUed on a mould for 
replication of lenses from materials with low polymerization shrinkage. Initially release of 
the lens was satisfactory, but the release deteriorated fest due to wear of the mould. In 
practice less than 10 lenses could be released. 

Other sti-ategies, such as adding reactive release agents to the mould-making 
formulation, can be followed to improve release from the mould, but haven't been successfiil. 
In one application, the replication of aspherical lenses for read-out of optical discs, glycidyl 
3-(pentadeca-dienyl)phenylether (b.p. 305°C) has been added as co-reactive additive to the 
conventional DGEBA-diphenyliodonium antimonyhexa-fluoroarsenate/anthracene mould 
formulation but tiiis remained witiiout improvement of the release properties in tiiis 
demanding appUcation aimmg at tiie repUcation of a mould in which tiie replicating monomer 
is confined in a closed cavity. The same was observed upon tiie addition of 0.1% 
(epoxycyclohexylethyl)methylsiloxane(2-3%)-dimethylsUoxane(97-98»^^^ copolymer to the 
mould-making formulation. The addition of glycidyl 1,1,2,2-tetrafluoroetiiyl ether (b.p. 
143°C) also proved imsuccessfiil. 

U.S. Patent 4,3 1 1 ,654 proposes a method of moulding materials requiring heat 
treatment for setting or curing in which a mould is used having a pluraUty of mould 
components witii moulding surfaces together defining a moulding cavity, comprising forming 
at least part of one of the mould components of a fusible material, tiie fiisible material 
extending along at least part of tiie associated moulding surface and outwardly tiierefrom, tiie 
fiisible material effectively releasing tiie material moulded in tiie moulding cavity in tiie 
course of setting or curing. The fiisible material employed may be paraffin wax which has a 
drop point of tiie order of 60»C to 62»C, tiierefore included in tiie range of temperatiires 
corresponding to tiie heat treatinent to be appUed for tiie setting or curing of polyetiiylene 
glycol diallyl dicarbonate catalyzed witii 3% by weight of isopropyl percarbonate. 

It is tiius desired to have materials witii intiinsic release properties tiiat can be 
shaped in tiie desired form , such as moulds witii an a-spherical lens profile. The profile has 
to be controlled very accurately within tens of nanometers. 

Anotiier object of tiie present invention is to time such tiiat tiie interfacial 
tension is such tiiat release of tiie polymerised lens is facilitated. 
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A further object of the present invention is to provide a class of reactive 
materials that provides excellent release of (photo)cured products from pre-shaped moulds 

made from these materials. 

An object of the present invention is to provide a motdd that omits the need for 

applying extra surface coatings on these moulds. 

In addition, another object is to provide a mould wherein the release properties 
remain constant even after high numbers of products cured and released from a mould 
prepared from said polymerisable materials. 

Therefore, the present method of moulding materials is characterized in that 
the starting material before polymerisation is a polymerisable compound of the formula: 

Y.^i O-^ R-CHj. K a, F, CN 

R 

n = 0-3 

R s phenyl, CH3 

R 

)0= ( CRR JA( CRR In RpR-^H, alkyi; n,m=0-3 
A=C„F2n. Hnear or branched, n»4-20 

A? conbi nation of perf I uori nated aronBtIc and aliphatic stru 



F F 

n,m=0-4 




wherein 

Z and Y independently represent polymerisable groups. 
The above-identified polymerisable materials have intrinsic release properties. 
This means that the addition of extra release coatings or release agents is not necessary. Thus, 
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deterioration of the mould over time during operation is not expected to result in a decrease 

in the release properties. 

It is preferred that the polymerisable groups Z en Y are independently chosen 
from the groups consisting of (meth)acrylate. oxetane, glycidylether, allylether, epoxy, 
vinylester and vinylether, or mixtures thereof. 

Z or Y can be also a thiol groiq) in combination with other radically 
polymerisable monomers in such a way that crosslinked polymers are obtained. For example, 
when Y is a thiol group, it is preferred to have a ratio TTi higher than or equal to 1 in order 
to obtain a crosslinked system. Furthermore, when using such a thiol group it is possible to 
influence the crosslinking density of the polymerised material. 

A particularly preferred starting material is 2,2,3,3,4,4,5,5-octafluoro 1,6- 
hexanediol-dimethacrylate wherein both Y and Z are methacrylate groups. 

Another particularly preferred starting material is 2,2'-(2,2,3,3,4,4,5,5- 
octafluoro l,6-hexanyloxymethyl)diepoxide, wherein both Y and Z are glycidylether groups, 
wherein the shrinkage during setting or curing of the material is much lower compared to the 

polym^isable materials. 

As outlined above the driving force for lens release is a function of the 
polymerization shrinkage in confined space in which the repUcation takes place. For 
materials with a smaller polymerizadon shrinkage a mould material with a lower interfecial 
tension is likely needed as compared to materials with a higher polymerization shrinkage. 
Hie present inventors have found that by varying the F/C mtio of reactive monomers, 
materials can be obtained that provide excellent release for lenses made of materials with a 
low polymerization shrinkage and that can be shaped in the desired a-spherical mould profile. 
Therefore, it is desired that the F/C-ratio (Fluoro-Carbon ratio) of said polymerisable 
compound should be higher or equal to 8/14. 

The moulding cavity is shaped for a moulding and optical element, such as 
ophthahnic lenses, collimators, prisms, phase gratings, mirrors, objective lenses for optical 
recording. 

Furthermore, the present invention relates to a method of mouldmg materials 
in which a mould is used having a pluraUty of mould components wiUi moulding surfaces 
together defining a mouldmg cavity, said method comprising the step of forming at least part 
of the mould components of a polymerisable material, polymerising said material for forming 
the mould, filling the moulding cavity with a mixture of moulding material, ^plying UV- 
Ught or heat to said moulding material in the mould to set or cure the moulding material. 
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continuing the UV-Ught or heat treatment until sufficient stif&ess has developed in tiie 
moulded article and removing the moulded article thus made firom the mould, wherein said 
mould is made of polymerising a polymerisable compound of formula: 



Y 2= 0-< l*=CHa, H a, F, ON 



nsO-3 

R« phenyl, CHj 



)^ { CRR,)A( CRR \n R.R'=H. alkyi; n,m=0-3 
A>C„F2n> linear or branched, n=4-20 

Ap coitbl nation of perf I uorlnated aronatic and aliphatic stru 





wherein 

Z and Y independently represent polymerisable groiq>s. 

In addition, the present invention relates to a mould for making optical 
10 components comprising a plurality of mould components of mould components with 

moulding services together defining a moulding cavity, wherein said mould is obtained by 
polymerising a mixture comprising, as a main constituent tiiereof, a polymerisable compound 

of the aforementioned formula. 

In addition, the aforementioned polymerisable groups Z and Y are 
15 independentiy chosen from the groups consisting of (meth)acrylate, oxetane, glycidylether, 
allyletiier, epoxy, vinyletiier and vinylester, or mixtures thereof 

Z or Y can be also a thiol group in combination with other radically 
polymerisable monomers in such a way that crosslinked polymers are obtained. 
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The sh^ of the mould may be spherical or a-spherical made of said 
polymerisable material, wherein the aspect ratio of the layer thickness made of said material 

can be as large as SO. 

The aforementioned drawbacks are overcome according to the present 
invention with a polymerisable material used as at least part of the mould components. 

These and other features and advantages of the mvention will be more 
discussed in the example which follows, wherein the scope of the invention is not limited to 

the illustrated example. 

Kvam ple 1 : general method for making a working mould. 

Depending on the desired lens shape an aspherical mould was made from Ni 
or brass by conventional mechanical polishing techniques. The shape of the mould is such 
that after photopolymerisation the desired lens shape is obtained. From this mould a positive 
was made by photorepUcation using an EFOS UV curing apparatus. The positive was made 
from hydroxyethyloxybisphenol-A dhnethacrylate (diacryllOl, AKZO-Nobel, Amhem, The 
Netherlands). From the positive a working mould was obtained by photorepUcation of the 
desired material of which a small drop is put in a spherical pit polished in quartz, glass or 
plastic. 

RvaTTi ple 2: formulation of moul< ^ rn^lfinp tnixtme. 
A mixture of 2,2,3,3,4,4,5,5-octafluoro 1,6-hexanediol-dimelhacrylate and 
4wt% of DMPA (= a,a-dimethoxy-a-phenylacetophenone), sold under the name frgacure 
65 1, was made. A small drop (10-20 ^iL) of the mixture was put m a spherical pit with a 
radius of 3 mm that was polished in a thin quartz plate. The pit had been silanized with 
3-methacryloyloxypropyl trimethoxysilane (A174). The aspherical positive was contacted 
with the material in the pit by applying a pressing force of 100 gram for 1 second and 600 
gram for 7 seconds. During these 7 seconds UV Ught (320-390 mn) was irradiated usmg an 
intensity of 100 mW/cm\ A second polymer layer was appUed using the same procedure. 
The working mould was then heated to 140°C for 14 hrs and cooled to room temperature. 

Rvam ple 3- T .ens replication of DGE B A from an aspherical mould made from 
2.2.3.3.4.4.5.S-octaflunm 1 .6-hexa nediQl-dimethacrvlate. 

A small volume of DGEBA with 4.5 wtyo diphenyUodonium 
antimonyhexafluoroarsenate and 0.5wt% anthracene was appUed on a poUshed halve 
spherical ball. The baU had been sUanized with 3-glycidyloxypropyl trimethoxysilane 
(A187). The ball with monomer was brought into contact with the working mould as 
described in example 2. Photopolymerization was induced by applying UV Ught (320-390 
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nm) of 100 mW/cm^ for 7 seconds. Lenses were then released from the motild and 
subsequently heat treated for 8 hrs at 1 10»C. The total Qens) repUcation process was repeated 
many times and the surfeces of the mould and lenses were visually inspected. It was observed 
that after repUcation of 100 lenses no deterioration of both lens as weU as mould surface had 
occurred. Both surfaces remained very smooth and release of the lens from the mould 

remained very good. 

An anti-reflexcoating can be subsequently applied on the DGEBA surface. 

F.yample 4: Synthesis of 2-2'-f2.2.3.3.4 -4.5-5-octafluoro 1.6- 
hexanvloxvmethvndie pnxide accorHinp to method 1. 



10 



Br 



KOH/ 
DMSO 



1 



m::pea / dcm 





^(CF2)r < 

2 

Scheme 1. Reaction scheme for the synthesis of 2.2'-(2,2,3,3,4,4,5,5-octafluoro 1,6- 
15 hexanyloxymethyl)diepoxide (formida 2) according to method 1 . 

Kv^mpl^ S ynthesis of 2.2.3.3.4.4.5.5 -ontAfluoro 1.6-hexenyl-diallylether 

(formula D . 

50 g of freshly milled potassium hydroxide (0.76 mole, 85%) was stirred for 5 
minutes with 150 mlof dimethylsulfoxide. Then was added: 50g of 2,2,3,3,4,4,5,5-octafIuoro 
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1,6-hexaaediol (0.2 mole). After stirring for 5 minutes, 37 ml of aUylbromide (0.42 mole) 
was added dropAvise. Stirring was continued for one night. 0.5 1 of diethylether and 0.4 1 of 
water were added. After separation, the organic layer was extracted twice with 400 ml of 
water and once with 400 ml of brine. After drying over magnesium sulphate, the diethylether 
was evaporated at 60°C. 60 g of a yellow oil (92%) was obtained. 

Fxamnle 6: Synthesis of 2.2'- (9 :>-,^-^.4.4.5.5-octafluoro 1,6- 

hexanvloxvmethvndiepoxide (f ormula 2). 

51 g of 2,2,3,3 ,4,4,5,5-octafluoro 1,6-hexenyldiallylether (formula 1, 0.18 
mole, prepared according to example 5) was dissolved in 750 ml of dichloromethane. To this 
solution was added 54 g of technical 3-chloroperoxybenzoic acid (70% pure, 0.22 mole). 
Stirring was continued for one night. The solution was filtered and 100 ml of 10% sodium 
sulphite solution was added. An exothermic reaction occurred. After separation the 
dichloromethane solution was dropped slowly in 400 ml of a 5% sodium bicarbonate 
solution. After the carbon dioxide generation had stopped this was repeated. After extraction 
witii 500 ml of brine, the solution was dried over magnesium sulphate and evaporated. The 
crude product was purified by column chromatography (SiCh. dichloromethane). 34 g of a 

colourless oil was obtained ( 46 %). 

Fvam ple 7: Synthesis of 2.2'- (7 2.3.3.4.4.5.5-octafluoro 1,6- 

hexanvloxymethvlMiepovide (formula according to method 2. 



HO ( CFz)/ 



KCH / DM50 




( CF2)a 



Scheme 2. Reaction scheme for the syntiiesis of 2,2'-(2,2,3,3,4,4.5,5-octafluoro 1.6- 
hexanyloxymethyl)diepoxide (formula 2) according to metiiod 2. 
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20 g of freshly miUed potassium hydroxide (0.3 mole, 85%) was steed for 5 
minutes vdth 60 ml of dimethylsulfoxide. Then was added: 20 g of 2,2,3,3,4,4,5,5-octafluoro 
1,6-hexanediol (0.4 mole). After stirring for 5 minutes, 78g of epichlorohydrin (0.8 mole) 
was added dropwise. Stirring was continued for one night. 200 ml of diethylether and 150 ml 
of water were added. After separation. Hie organic layer was extracted twice with 150 ml of 
water and once with 150 ml of brine. After drying over magnesium sulphate, the diefliylether 
was evaporated. The crude product was purified by column chromatogr^hy (Si02, 
dichloromethane). 13.5 g of a light yeUow oil was obtained (42%). 



